Introduction

24
The assessment of environmental hazards is still mostly achieved through 25 laboratory tests using species which have been selected for the ease to obtain them in 26 high numbers (Dorn et al., 1998; Fountain and Hopkin, 2005) . There is a need for field-form was an earthworm mull, called calcic Eumull according to Brêthes et al. (1995) .
1 Detailed vegetation, soil and climate data can be found in Vannier (1970) . Collembolan 2 communities living in the topsoil were described in Chauvat and Ponge (2002) and 3 Ponge et al. (2002) . Seasonal variations were studied in Ponge (1973) . The vertical 4 distribution of the main species and their food diets were analysed in Arpin et al.
5
(1980).
7
In February 2004 around 300 L of soil were collected in the top 10 cm then 8 homogenized over a plastic sheet before being distributed in 10 rectangular glass jars 9 60x30x30 cm (Lxlxh). Before complete filling, two cylindrical (85x100 mm Øxh) and two 10 rectangular (75x55x105 mm Lxlxh) directional traps were positioned in each jar. The 11 traps enclosed their own volume (ca. 500 cm 3 ) of the same soil. They were made of 12 polyvinyl chloride, one side being fitted with a 2 mm mesh plastic net, the opposite side 13 with a 20 µm mesh nylon gauze. Cylindrical traps were entirely buried into the soil, their 14 upper part (covered with either plastic net or nylon gauze) being at 1 cm from the 15 ground surface. They were positioned side by side by inverted pairs at ¼ length of the 16 glass jars, centered under the area where phenanthrene was further applied.
17
Rectangular traps were postioned side by side by inverted pairs, with their upper part 1 18 cm above the ground level, the remaining 9.5 cm being buried. The side with either 19 nylon gauze or plastic net was facing the area where phenanthrene was further 20 applied. After complete filling of the experimental jars (15 cm soil, 15 cm free space 21 above the soil), they were transported to the laboratory, then let in darkness during a
22
week in a chamber at constant temperature (20°C). This incubation period was needed 23 to let enough time for the animals to stabilize their vertical position according to species 24 requirements and to acclimate to chamber conditions.
26
After the acclimation period, phenanthrene was applied in five randomly 27 selected jars at the rate of 10 g per jar. The powder was applied as uniformly as possible over half the surface of each jar (30 x 30 cm), thus amounting to 1.1 Kg.m 2 .
1
Then the jars were randomly put on wood trays along both sides of the climate 2 chamber, randomization being effective on their horizontal and vertical position but also 3 on the orientation of the jars on the trays. Ten days after, the trap boxes were collected 4 then put in Berlese funnels, with the plastic net below, to extract microarthropods 5 (Edwards and Fletcher, 1971) . Animals were preserved in 95% ethyl alcohol until 6 identification.
8
Springtails were sorted then identified at the species level using Gisin (1960), used to avoid repeated testing of a meaningless number of variables, by focusing on 16 those species or those population parameters which responded the best to the 17 treatments. Active (main) variables were the species, none being discarded. Passive
18
(additional) variables were the treatments, and population variables such as sample 19 species richness and total abundance. Passive variables did not influence the 20 calculation of factorial axes, but they were projected among species and samples in 21 order to better interprete the significance of factorial axes. As in previous studies on Table 1 shows mean values for species abundances and population parameters 7 according to treatments. At first sight, no outward change in total abundance or species 8 richness seemed to occur within the ten days of the experiment.
10
The projection of active and passive variables in the plane of the first two 11 factorial axes of correspondence analysis (13.7% and 23.2% of the total variance, 12 respectively, thus totalling 36.9%) ( Fig. 1) showed that the main effect of the the soil, since they were found preferentially in buried cylindrical traps. There was also 26 more specimens and more species in the traps used for capturing horizontal 27 movements than for those used for vertical movements. 1 However, less trivial was the difference between phenanthrene and control the first top cm if the soil in our study site (Arpin et al., 1980) , but was found deeper as 1 well in our experimental conditions (Table 1) . The contrast between upward and 2 downward trapping of this species, only in the presence of phenanthrene ( Fig. 3 ), 3 showed that this species was attracted vertically to phenanthrene. This attraction did 4 not seem to proceed at large distance, since the contrast between 'upwards' and 5 'downwards' was more due to a deficit in 'downwards' specimens than to an increase in 6 'upwards' specimens ( Fig. 3) . Other studies showed that F. manolachei, as well as the 7 nearby F. quadrioculata, was attracted to heavy metals such as lead (Chauvat and 8 Ponge, 2002) and copper (Filser and Hölscher, 1997; Filser et al., 2000) . This, together 9 with results of the present study, may explain why this species, one of the three 10 dominant springtail species in temperate soils, the other two being Parisotoma notabilis 11 and Isotomiella minor, is absent or at least poorly represented in polluted sites 12 (Bengtsson and Rundgren, 1988; Sterzynska, 1989; Sjögren, 1997; Fountain and 13 Hopkin, 2004b), although some populations may be better adapted than others 14 (Hågvar and Abrahamsen, 1990; Chauvat and Ponge, 2002) . Another common 15 species, I. minor, did not show any trend of attraction nor of avoidance to phenanthrene 16 (Table 1) . Tranvik and Eijsackers (1989) demonstrated that the absence of avoidance 17 of pollutants by this species was detrimental to its survival in a metal-polluted soil.
19
The effect of phenanthrene on the contrast between 'horizontal ' and 'vertical' 20 traps in the other hemiedaphic L. lanuginosus can be explained by a decrease in 21 horizontal movements of surface-living species. In our experiment, L. lanuginosus was 22 living preferentially at the soil surface (Table 1, Fig. 2 ). The observed decrease in 23 'horizontal' minus 'vertical' densities of this species was mostly due to a decrease in 24 'horizontal' densities ( Fig. 2) , whether 'inwards' or 'outwards' (Table 1) . Thus the main 25 effect of phenanthrene was that fewer animals were trapped when moving horizontally 26 at or near the soil surface. Since L. lanuginosus, as most entomobryid species, 27 disperse easily (Ojala and Huhta, 2001), we can suspect that either (i) there was a decrease in the whole population due to toxic effects, (ii) animals moved more slowly at 1 the soil surface. The first hypothesis can be ruled out, since no decrease was observed 2 in 'vertical' traps. The second hypothesis is largely plausible, due to well-known 3 narcotic effects of PAHs (Still et al., 2001; Landrum et al., 2003) . The present study has been undergone with a financial support from the 20 Agence de l'Environnement et de la Maitrise de l'Énergie (ADEME), which is 21 greatly acknowledged. 
